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Of the 26 papers retrieved describing studies that satisfied the inclusion criteria, 8 reported 157 multiple index tests for a total of 40 analyzable tests. Tests were radiographic in 22 (55%) 158 instances (including one CT test) ( Table 1 ) and ultrasonographic in 18 (45%) ( Table 2 ). No 159 eligible MR studies were retrieved by the search. Study design was case-control in 36 (90%) 160 instances and cross-sectional in 4 (10%). Data collection was retrospective in 26 (65%) 161 studies, prospective in 6 (15%), and unclear in 8 (20%). The median (range) number of 162 subjects was 64 (20-305). Tests applied to canine conditions in 29 (73%) instances, feline 163 conditions in 9 (23%), and both dogs and cats in the remaining 2 (4%). 164
Quality assessment 165
Results of quality assessment of the radiographic tests and ultrasonographic tests are 166 summarized in tables 3 and 4, respectively. Overall, risk of bias in patient selection was 167 considered high in 24 (92%) studies mainly because case-control study design was not 168 avoided in 23 (89%) studies, and patients were not collected in randomized or consecutive 169 order in 17 (65%) studies. Healthy subjects were included in the control group used for 170 calculation of test accuracy in 14 (54%) studies. Risk of bias in performance of the index test 171 was considered high in 19 (73%) studies primarily because the cut-off point was appliedcorrectly classify all patients in 2 (8%) studies. Risk of bias arising from patient flow and/ortiming of procedures was considered high in 11 (42%) studies primarily because not all 176 patients were subjected to the same reference standard in 17 (65%) studies. Description of 177 study methods was incomplete in many instances. For example, insufficient data were 178 provided to conclude that the index test was interpreted without knowledge of the results of 179 the reference standard in 12 (46%) studies or that the reference standard was interpreted 180 without knowledge of the results of the index test in 11 (42%) studies. Concern about the 181 applicability of retrieved studies to the present review was considered low in all instances. 182
Measures of accuracy 183
Overall, the median (range) sensitivity was 77% (38-99%), specificity was 82% (50-99%), 184 positive likelihood ratio was 4.1 (1-103), negative likelihood ratio was 0.29 (0.01-1), and 185 prevalence was 37% (10-79%). Only 13 (32%) tests had PLR >10 and only 10 (25%) tests 186 had NLR <0.1. 187
Measures of accuracy for radiographic tests and ultrasonographic tests are summarized in 188 tables 5 and 6, respectively. Subjective assessment of sROC plots (figure 2) and paired forest 189 plots of sensitivity and specificity (figure 3) revealed a high level of heterogeneity for results 190 of both radiographic and ultrasonographic tests. In general, confidence intervals were wider 191 for tests based on radiographic measurements and included 50% in several instances. 192
Specificity estimates for several tests based on ultrasonographic measurements were close to 193
100%. 194
For the sub-group of 14 radiographic tests for cardiac or pericardial disease that were based 195 on measurements of the cardiac silhouette, the median (range) sensitivity was 76% (40-90%), 196 specificity was 76% (58-89%), positive likelihood ratio was 3.1 (1.4-4.8), and negative 197 likelihood ratio was 0.32 (0.15-0.71). Area under the sROC curve for this sub-group was 198 subjectively slightly less than that for all radiographic tests (figure 4). 199
For the sub-group of 5 ultrasonographic tests for adrenal endocrinopathy that were based on 200 measurement of adrenal gland thickness, the median (range) sensitivity was 77% (73-97%), 201 specificity was 94% (80-98%), positive likelihood ratio was 12.5 (3.9-52), and negative 202 likelihood ratio was 0.24 (0.04-0.29). Area under the sROC curve for this sub-group appeared 203 to be the same as that for all ultrasonographic tests (figure 5 measurements. The studies retrieved by this search represent a more heterogeneous group 210 than is usually obtained by systematic reviews focused on a single diagnosis. Retrieved 211 studies of radiologic measurements varied with species, modality, anatomy, diagnosis, study 212 design, measurement method, and cut-off points, hence the differences observed between 213 studies reflect real differences in study procedures and patients. As a result, there was limited 214 potential for meta-analysis. In order to optimally compare measures of test accuracy obtained 215 in different studies retrieved by systematic review, it is necessary for the definition of disease 216 to be constant, the same test must be used, the thresholds between categories of test result 217 (i.e. positive and negative) must be constant, and the spectrum of patients studied must be 218 similar with respect to prevalence and severity of disease. [8] [9] [10] 41 Useful synthesis of test 219 results may still be possible if some of these criteria are not satisfied; however, none of these 220 criteria can be applied to studies included in the present review, which was deliberately broad 221 in scope in order to enable generalizable conclusions about the diagnostic value of making 222 radiologic measurements. 223
It is noteworthy that 169 papers describing radiologic measurements of normal subjects were 224 retrieved by search (figure 1), which is a much larger number than papers about radiologic 225 measurements for diagnostic purposes. This difference suggests that the majority of reported 226 anatomic measurements have either not been tested for diagnostic use or not found to be 227 useful clinically. These possibilities merit further study. 228
Quality assessment 229
It is important to consider the methodologic quality of studies reporting accuracy of 230 diagnostic tests because differences in study design are associated with significant variations 231 in results.
12 Abundant guidance is available to promote higher standards of methodological 232 quality in clinical research studies, including the STARD guidelines for reporting studies of 233 diagnostic accuracy 42 , the STROBE guidelines for observational studies 43 , and the 234 CONSORT guidelines for reporting randomized trials.
44 QUADAS-2 was developed 235 specifically as a tool to assesses methodological quality of primary studies in order to identify 236 risks of bias in the results of studies retrieved by systematic review. [13] [14] [15] Methodological 237 weaknesses contributing to exaggerated results for diagnostic imaging tests can be found in 238 many studies. 12, 45, 46 Of the various methodological weaknesses that make studies vulnerable 239 to bias, the most serious are non-consecutive inclusion of patients, retrospective data 240 collection, and use of healthy control subjects.
12 Multiple methodological weaknesses were 241 identified in the studies retrieved by search, including case-control design (89% studies), post 242 hoc determination of cut-off value (85% studies), non-consecutive inclusion of patients (at 243 least 65% studies), use of multiple reference tests for patients under study (65% studies), and 244 retrospective data collection (at least 58% studies). Incomplete reporting of methods is 245 another well-recognized deficiency in diagnostic imaging studies 12 that was observed 246 frequently in studies retrieved by the present systematic review. None of the studies retrieved 247 by the present systematic review had a low risk of bias in all methodological domains. 248
Healthy subjects were included in the control group used for calculation of test accuracy in 249 54% studies. Studies of diagnostic tests that use healthy volunteers as a control group may be 250 useful as 'Phase 1' research, which aims to identify tests with potential clinical utility, but 251 these results cannot be assumed to apply in a clinical setting in which all test subjects are 252 patients. 47 A control group for 'Phase 2' studies intended to estimate test accuracy in clinical 253 patients should comprise subjects who are identical to the test or treatment group in all 254 aspects that affect the outcome except the variable, result or intervention being studied. separation between case and control groups in this study is an example of selection bias 12, 48 269 that will inflate estimates of sensitivity and specificity. It should also be noted that dogs in 270 this study were assigned to case or control groups on the basis of survey radiography, whichis insensitive for tracheal collapse 54 , and therefore not suitable as a reference test for this 272 condition. This is an example of imperfect-standard bias. 48 
273

Measures of accuracy 274
Overall, the accuracy of diagnostic tests based on radiologic measurements was moderate, 275 with median sensitivity 77% and specificity 82%. In many instances the confidence intervals 276 for estimates of sensitivity and specificity were very wide, which is a function of analyzing 277 small numbers of subjects. 55 The results of several of the studies with low numbers of 278 subjects included zero false negatives or false positives. Calculations using these data result 279 in sensitivity or specificity of 100% and likelihood ratios equal to infinity or zero. To avoid 280
extreme calculated values, the results of any study with zero false positives or false negatives 281 were modified by adding 0.5 subjects into each cell of the 2x2 table.
9 This approach 282 produced slightly more conservative estimates for these studies. Likelihood ratios were 283 calculated for studies retrieved by search because they give an indication of a test's ability to 284 rule in or rule out a condition. 56 High likelihood ratios (e.g. PLR >10) indicate that the test 285 may be useful to rule in disease, while low likelihood ratios (e.g. NLR <0.1) may be useful to 286 rule out disease. In this series, only 13 (32%) tests had PLR >10 and only 10 (25%) tests had 287 NLR <0.1. 288
Sub-group analysis of the 14 radiographic tests based on measurements of the cardiac 289 silhouette found modest diagnostic performance with a subjectively reduced area under the 290 sROC curve for this sub-group than that for all radiographic tests. The range encompassed by 291 these results likely reflects differences in cardiac pathophysiology between cats and dogs and 292 between canine breeds, which have differing predisposition to cardiac conditions. 57 For 293 example, conditions that result in cardiac dilatation or eccentric hypertrophy are more likely 294 to cause a recognizable increase in the external dimensions of the heart than conditions 295 resulting in concentric hypertrophy or dysrhythmias. 58 296 gland thickness found a similar area under the sROC curve for this sub-group as for all 298 ultrasonographic tests. Although diagnosis of adrenal gland dysfunction depends primarily on 299 endocrinologic testing, ultrasonography has a potential role as a means of supporting a 300 diagnosis of adrenal gland dysfunction 59, 60 , and in distinguishing adrenal-dependent from 301 pituitary-dependent hyperadrenocorticism. 16 However, the finding that 3 of the 5 302 ultrasonographic tests for adrenal endocrinopathy included in this review had zero false 303 positives or false negatives indicates that these estimates of diagnostic performance are 304 probably inflated. Although a perfect diagnostic test would have zero false positives or false 305 negatives, this is not a realistic expectation. In clinical practice, inconclusive results are 306 inevitable and should be reported in studies about diagnostic tests. 61 Given that few studies 307 about diagnostic tests report sample size calculations 55 , it is suggested that zero false 308 positives or false negatives could be considered a post hoc criterion of inadequate sample 309 size. 310
The moderate median values for sensitivity and specificity of tests based on radiologic 311 measurements included in the present review primarily reflect the fact that the normal size 312 ranges for many anatomical structures are very wide, hence there is marked overlap between 313 normal and pathologic ranges. 62 In this respect it is noteworthy that dogs exhibit enormous 314 phenotypic variation compared to other mammals [63] [64] [65] , which makes them particularly ill-315 suited to diagnosis based on measurement because that variation exaggerates the overlap 316 between normal and abnormal ranges. Even for structures that would not be expected to vary 317 greatly with conformation, wide normal size ranges may be observed. For example, 318 abdominal lymph nodes in dogs are variable in size and number in CT images 66 , which 319 complicates interpretation of size in clinical patients. In humans, differences in interpretation 320 of the status of lymph nodes is the most frequent cause of disagreement in reinterpreted CT 321 scans of cancer patients. 67 The association between lymph node size and occurrence of 322 metastasis to that node appears to be relatively weak, hence assessment of lymph node size 323 alone is insufficient for accurate clinical staging of neoplasia, such as oral malignant 324 melanoma in dogs. 68 When a significant risk of lymphatic metastasis exists, cytologic or 325 histologic examination of regional lymph nodes is indicated, regardless of the size of those 326 nodes. 68 
327
Limitations 328 Systematic reviews often use a multiple electronic databases to maximize the likelihood of 329 retrieving all available empirical evidence. The present study was based on a search done 330 using only the ISI Web of Knowledge SM . We chose this approach because this database 331 includes over 140 veterinary journals, because it interfaces directly with our preferred citation 332 database, and for simplicity. This search strategy satisfies the minimum recommendations of 333 the PRISMA Statement 10 ; however, it is possible that additional applicable studies might 334 have been retrieved if the search had used multiple electronic databases. 335
In typical test research, the use of an individual diagnostic test is evaluated in order to 336 estimate sensitivity and specificity; however, this kind of test research is only pertinent to 337 clinical situations in which diagnosis is likely to be based on the results of that one test (such 338 as screening). 69, 70 In usual clinical practice, the results of a test are always judged in the 339 context of existing information, including results of prior tests, and a more relevant objective 340 of diagnostic test performance assessment is to identify the added value (i.e. the incremental 341 increase in diagnostic accuracy) that occurs when the test is used. 70 Robust estimates of the 342 added value of diagnostic tests require multivariable methods, in which the probability of 343 disease is a function of all diagnostic variables. 70 Many authors of studies included in the 344 present systematic review over-estimated the potential diagnostic impact of radiologic 345 measurements because they calculated the accuracy of the test based on measurement withouttaking into account the accuracy of concurrent subjective image interpretation. The two 347 studies that compared accuracy of radiologic measurements to subjective image interpretation 348 alone for dogs with suspected intestinal obstruction 20 and dogs with suspected cardiac 349 disease 26 found no differences. In other words, observers making radiologic measurements 350 were no more accurate than when they relied on subjective assessment alone. These findings 351 applied equally to experienced and inexperienced observers. and all the imaging signs must be recognized for optimal interpretation. The trained eye and 359 brain can integrate multiple features that cannot be described with a single measurement.
71-73 360
Radiologic interpretation is a skill that must be refined by experience rather than by recourse 361 to measurements. For tests based on radiologic measurements that were included in this systematic review, 365 median sensitivity and specificity were only moderate, estimates of test accuracy in many 366 instances were likely exaggerated because of deficiencies in study methodology, and 367 observers making radiologic measurements were no more accurate than when they relied on 368 subjective assessment alone. Overall, evidence is weak that radiologic measurements of 369 structures in radiologic images of dogs and cats are useful for diagnosis. Althoughmeasurements may have value in the descriptive part of a radiology report, they should not be 371 emphasized as a basis for diagnosis in either teaching or clinical imaging reports. 372
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